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THE ROLE OF POTASSIUM IN EXPERIMENTAL QUINIDINE
INTOXICATION, AND ITS TREATMENT WITH
2-AMINO-2-HYDROXYMETHYL-1, 3-PROPANEDIOL (THAM)
GUSTAVO ANTONIO BERMUDEZ, M.D.,

M.S.*

INTRODUCTION

QUINIDINE HAS WIDE clinical application for the conversion or prevention of premature
auricular, nodal, and ventricular beats, auricular tachycardia, auricular flutter, auricular
fibrillation, and paroxysmal ventricular tachycardia. While untoward effects of
quinidine are not common, intoxication resulting from overdosage may present a
serious therapeutic problem. There has been no specific method for reversing its
toxic effects.
Finnegan and Traunce reported on the effects of various drugs on the quinidine
depressed animal heart and concluded that epinephrine was the drug of choice in
ventricular asystole. However, quinidine intoxication very commonly may produce
paroxysmal ventricular tachycardia progressing to ventricular fibrillation, rather than
direct ventricular asystole. Under these conditions epinephrine would be contraindicated.^^
The similarity of quinidine syncope to Adam-Stokes attacks induced Liot and
co-workers™ to make use of isoproterenol in the prevention of this syndrome. These
authors, as well as Bailey,^ suggested the use of isoproterenol in quinidine cardiotoxicity.
Complete lack of experimental data on the influence of isoproterenol on quinidine
cardiotoxicity prompted Gottsegen™ to investigate it. He was able to reduce lethality
produced by fatal doses of quinidine in anim.als from 100% to 25%. It seems
doubtful, however, that isoproterenol would be equally effective as an antagonist in
hearts with pre-existing damage or in those instances in which idioventricular rhythms
are a component of the quinidine toxicity.
Belief (1956), investigated molar sodium lactate in view of its efficacy in
narrowing previously widened QRS complexes of various etiologies and because of
the observation that several of the electrocardiographic changes of quinidine intoxica* Resident, Department of Medicine.
Thesis supervised by Professor Kenneth Lampe (1963).
Published with permission of the Dean of the Graduate School, Univ. of Miami, Coral Gables, Fla.
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tion resemble those of uremia with hyperkalemia." Molar sodium lactate has a
marked effect in increasing the rhythmicity of the cardiac pacemakers in the presence
of slow heart rates, and has been used in the following: the restoration of an active
cardiac focus during cardiac arrest in Stokes-Adams attacks, during episodes of cardiac
arrest of other etiologies, and increasing the slow ventricular rates of sinus bradycardia and partial or complete A - V heart block. Its efficacy apparently depends on
an alteration in the electrolyte pattern in the extracellular fluid to increase cardiac
rhythmicity.''' I t was concluded that the mechanism by which the sodium salts
achieved quinidine antagonism was by increasing the external sodium gradient.
Gomori, in 1946, proposed new buffer systems suitable for p H control. One
of these, 2-amino-2-hydroxymethyl-l,3-propanediol ( T H A M ) , an amine buffer, was
found by Nahas and his associates to be effective in correcting respiratory acidosis
in man." From the laboratory determination it appears that a metabolic acidosis
follows the administration of intravenous quinidine sulfate, consequently the administration of T H A M was initiated in order to maintain a normal or slightly alkaline p H
of the blood perfusing the isolated heart thus preventing cardiac failure. Wasserman,
in 1962, reported on the use of T H A M in the experimental quinidine cardiotoxicity."
The hypotheses of Holland and Armitage, in 1957, concerning the role of potassium ion in the mode of action of quinidine and its toxicity^' led us to investigate
the role of this association upon the normal heart, and to examine Wasserman's
claim for the efficacy of T H A M in the management of quinidine overdosage.
QUINIDINES PHARMACOLOGICAL CONSIDERATIONS

A. Fate in the body
Absorption
Quinidine is absorbed rapidly and completely by the intestine. In man, quinidine
can be detected in the plasma within fifteen minutes after a single oral dose. Maximum
levels are reached in two hours and persist for six to eight hours. The level tends
to decHne fairly rapidly, so that only one half to one third of the peak concentration
in plasma remains 12 hours after the last dose. Patients with heart failure generally
have a slower disappearance rate of quinidine from plasma, which has been attributed
to slower metabolism. Average peak concentrations after single doses of 0.2, 0.4, and
0.6 gm. are respectively 0.8, 1.3, and 2.0 mg. per liter.
It is the opinion of some investigators that there is a relationship between the
height of the blood level of quinidine and success in converting auricular fibrillation.
This level, which is of the order of 4 to 8 mg. per hter, is attained by dehberately
producing a cumulation through the frequent administration of the drug. Sokolow
reported that in approximately 700 serum determinations, toxicity occurred at serum
levels less than 6 mg. per cent in only three cases and only 2 per cent of toxic
reactions occurred at serum levels of 8 mg. per cent or less. He achieved conversion
of 75 per cent of chronic atrial fibrillations without toxicity in 80 per cent of these
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patients at serum levels of 8 mg. per cent or less. The ideal level for maintenance
was determined to be just about half of the dose required for conversion. Failure
of quinidine to convert atrial fibrillation may indicate an insufficient dose or an
excessive rate of ectopic impulse formation."
Distribution
Quinidine is distributed fairly uniformly through extravascular tissues and can
cross the placental membrane.'" Approximately one half of a dose of quinidine is
bound to plasma albumins. Conn and Luchi, in studies on quinidine-binding by
albumin, demonstrated that this binding was greatly influenced by the concentration
of hydrogen ion, i.e., a low pH inhibits binding, while at pH 10, approximately 92%
of the quinidine is present as a quinidine-albumin complex.™
Metabolism
About 75 per cent of the drug is destroyed in the body, a considerable portion
being converted to a carbostyril derivative (2-hydroxyquinidine), the remainder being
excreted intact in the urine." The perfused liver destroys the drug, but blood levels
are not affected by the presence of portal cirrhosis or advanced kidney disease.'
Excretion
Excretion begins about 30 minutes after ingestion and persists for about 24
hours after a single dose and for about 36 hours after the last of a series of doses.
Rectal absorption is poor, but full effect is obtained one half hour after intramuscular
administration and about 10 minutes after intravenous injection.
B.

CARDIAC EFFECTS

Therapeutic Action
Quinidine has a direct depressant action on the heart muscle and thus:
a)

prolongs the refractory period of the muscle

b)

decreases the rate of repolarization

c)

slows conduction in both contractile and conduction tissue

d)

depresses excitability

e)

reduces the contractile force

f)

it may initially increase cardiac rate by its vagolytic action and by a sympathetic
reflex initiated by the decrease in arterial pressure.

Quinidine by reducing the heart rate prolongs the effective refractory period of
the heart by slowing depolarization without affecting the half-time for repolarization,
which determines the absolute refractory period." Its clinical effectiveness apparently
is due primarily to its action of increasing the effective refractory period and depressing excitability of cardiac musculature. This permits the SA node to reestablish
its function as the normal pacemaker.
333

BERMUDEZ
The ventricular myocardium is generally more susceptible to quinidine than is
atrial muscle, and normal P waves frequently continue despite ventricular standstill.
Accordingly, larger doses are generally needed to convert atrial than ventricular
arrhythmias."
The anticholinergic effect of quinidine reinforces its direct depressant action on
atrial conduction and on the prolongation refractory period in the atrium. Quinidine
increases the right ventricular end-diastolic pressure, decreases cardiac output, as
well as the mean aortic blood pressure.
Electrocardiogram
The P waves are sometimes widened. The P-R interval is prolonged by quinidine,
indicating some A-V block which may become complete. It prolongs the Q-T interval.
High doses widen the QRS complex, sometimes to twice its normal value; this usually
occurs after a daily dose of about 2 to 3 gm. This change, which is the most
significant of the electrocardiographic effects, is indicative of a toxic rather than
therapeutic action and reflects intraventricular conduction disturbances. In addition,
changes may occur in the T-wave and the S-T segment.*' The T-waves sometimes
become lower, broadened, or umbilicated, occasionally inverted, and sometimes a
positive T-wave becomes higher.
Cardiotoxicity
Quinidine should be used with full recognition of its mechanism of action,
indications, dose, side effects and toxicity, since these may vary considerably with
the pathologic physiology of a given patient. Toxic effects of quinidine on the heart
often precede development of clinically-evident cichonism. Any unexpected disturbance of rhythm occurring during its administration demands the cessation of the
drug, because the prediction of the appearance of toxic manifestations from plasma
quinidine levels does not seem possible. The cardiac mechanism at death may be
ventricular standstill or ventricular fibrillation. Quinidine depresses the metabolic
activities of all cells, but its effect on the heart is most pronounced. Excessive doses
of quinidine inhibit severely the myogenic and neurogenic functions of normal and
diseased hearts.
Quinidine blocks conduction and suppresses sinus activity. This has a deleterious
action as it increases the chances for localized block. It may allow a portion of the
myocardium containing Purkinje tissue to become isolated and establish active ectopic
foci, even in the presence of high levels of quinidine. Moreover, the suppression of
sinus activity forces the heart into escape mechanism which often takes the form of
idioventricular rhythms, ventricular tachycardia, and finally ventricular fibrillation.^^
This is sometimes brought on 'ay quinidine itself but more commonly occurs in a
patient who has been digitalized.
Sokolow classified degrees of myocardial toxicity according to the following
sequence of changes in the the electrocardiogram: one or more premature ventricular
beats for every six normal beats, sinoauricular slowing followed by sinus pauses, sinus
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arrhythmia, and prolongation of the QRS to 0.12 seconds or more.'^ The prolongation
may be of two types: (1) selective depression of conduction in either the right or
left main bundle to produce a conventional bundle branch block; or (2) generalized
depression of the conduction system, whereby no change occurs in the contours of
the QRS complexes, but all parts of the QRS complexes are equally prolonged. It
is important to point out that a Q wave measuring 0.02 seconds in duration in the
pre-quinidine tracing may be prolonged to 0.04 second or longer by quinidine, making
the Q wave of quinidine and the Q wave of myocardial infarction indistinguishable
from each other."
After the onset of premature ventricular beats or the gradual widening of the
QRS complex to 50% above the control duration in a patient who is receiving
quinidine, use of the drug should be stopped, or at least reduced in dosage.'™ Marked
depression of the atrial pacemakers, however, not uncommonly progresses to death
in spite of prompt withdrawal of quinidine.
It appears that a metabohc acidosis follows the administration of intravenous
quinidine. Recent work by Campbell et al., suggests that acidosis may be a factor in
the production of hypotension. Reduction in the total systemic peripheral vascular
resistance is the most persistent toxic effect." The arterial blood p H and plasma
bicarbonate showed a significant decrease following the administration of intravenous
quinidine. The mean decrease of arterial blood pH was of 0.13 with a range of 0.05
to 0.22; the mean decrease in plasma bicarbonate was 2.3 mEq./L with a range of
1.2 to 4.5 mEq./L. The lowest mean pH attained coincided with the highest mean
plasma levels of quinidine, and these changes occurred simultaneously with maximal
quinidine cardiotoxicity.
The occurrence of asystole is not difficult to understand, since quinidine is a
general depressant of myocardial excitability. Its use entails special hazards in patients
who already suffer from defective conduction mechanisms. In this situation, if
complete A-V block supervenes during the therapy, it is possible that no idioventricular
rhythm will be established, since ventricular automaticity is simultaneously decreased
by the drug. I f an intrinisic ventricular rhythm fails to develop, the patient dies of
cardiac arrest.*' Perhaps the greatest risk in this regard is the use of quinidine in
high dosage in a patient who has developed ventricular tachycardia during an occlusive
coronary episode. I f a ventricle that has been beating at a great rate suddenly has
the source of its beat cut off by quinidine it may be less able to cope with the
situation than one that has been considerably slowed by lower dosage of the drug
before termination of the abnormal rhythm. A nonfatal but frightening occurrence
may be a convulsion at the moment of conversion, evidencing an extreme hypoxic
state induced by the prolonged cardiac standstill.
Mechanism of Action
It is well known that the amount of an ion in the biophase of a tissue is the
result of two unidirectional movements, an influx and an efflux. The resting myocardial
fiber has a potential of 50 to 100 mV positive to the interior.
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The membrane potential is a function of a selective differential transmembrane
distribution of ions such that the internal K + greatly exceeds the external K + 30 to 50
times, and external Na+ greatly exceeds internal Na+ 3 to 5 times. The level of the
resting potential is dependent primarily upon the transmembrane potassium gradient.
The resting membrane is impermeable to Na+ ions, but is freely permeable to K + ions,
so the Na+ concentration gradient is maintained by the attraction of impermeable
intracellular anions (proteins). Depolarization involves a rapid decrease in membrane
resistance with concurrent sodium influx due to an active transport mechanism and
outward passage of potassium by diffusion through the depolarized and permeable cell
membrane during the latter phase of depolarization. The action potential is thus a
measure of sodium potential. Repolarization occurs relatively slowly and appears
to be due to a complex sequential inactivation of sodium influx, a phase I I period
of high membrane resistance, and a terminal predominant potassium efflux. Both
active and passive ion transfer mechanisms and certain metabolic processes may be
involved.^ Normally a second response can be produced when the intracellular
potential has repolarized to only two thirds of its full resting negativity, the rate of
depolarization to the second stimulus being sufficiently rapid at this point to allow
a propagated action potential to develop."
West and Amory suggested (1960) that the primary expression of quinidine
effect is on repolarization whh secondary involvement of depolarization.'^' This
interpretation differs from that of Weidman (1955), Johnson (1956), McKinnon
(1957), and Vaughan Wilhams (1958), who observed that quinidine markedly decreased the rate of rise of the depolarization limb of the transmembrane action
potential.'" Their suggestion that this was an effect on the available sodium carrier
is in keeping with the observation that quinidine, which is a general protoplasmic
poison, and depresses the respiration and activity of many enzyme systems of the
body, caused a rapid inhibition of sodium entry, while secondarily depressing potassium
efflux. In addition, the drug depresses membrane permeability to potassium and
causes a marked inhibition of active transport components of sodium efflux and
potassium influx, both of which were relatively slow in onset. This results in decreased
intracellular sodium and increased intracellular potassium.'^ Depression of sodium
influx results in a decrease in the amplitude and velocity of the upstroke of the
electrical action-potential, and the depression of potassium efflux by blocking the
intracellularly released acelylcholine, is associated with prolongation of repolarization
and thus a prolongation of the duration of action potential."
Since the administration of quinidine results in an increase in the potassium
ion in the myocardium, the decrease in plasma potassium after the injection of
quinidine may be explained by the shift of potassium to myocardium cells.
Quinidine causes a marked inhibition of active uptake of potassium and extrusion
of sodium. Karki and Burn have made a similar observation on active transport in
red blood cells.'"
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If the concentration of potassium ion in the extracellular space is increased,
one would expect that diffusion of this ion from the myocardium would take place
less rapidly. Therefore, conditions, such as acute renal failure with oliguria, which
increase extracellular potassium concentration should inhibit the formation of the
resting potential and, in this way, synergize the cardiotoxicity of quinidine.
In summary, it is our opinion that quinidine renders the cell membrane less
permeable to potassium ion. In consequence, the efflux of potassium is diminished
and repolarization therefore becomes less and less complete.
C.

QUINIDINE ANTAGONISTS

Sodium Lactate
It was demonstrated in dogs that profound quinidine-induced electrocardiographic
changes and severe hypotension were rapidly reversed by intravenous infusion of 3 to
10 cc per minute of molar sodium lactate. The arterial blood p H and plasma bicarbonate returned to pre-quinidine levels within 15 minutes after the intravenous administration of molar sodium lactate.
The electrocardiographic manifestations of moderate quinidine intoxication were
rapidly reversed within four to twenty minutes to pre-quinidine levels by intravenous
molar sodium lactate. However, molar sodium lactate does not appear to alter the
ultimate fate of animals severely poisoned with quinidine.'" Nevertheless, molar sodium
lactate has been used successfully in the management of human quinidine cardiotoxicity.'^
A direct beneficial effect of lactate on the myocardium has been suggested since
lactate is known to be utilized directly as a metabolic substrate by cardiac cells.
Bing et a l , in 1953, found that the isolated dog's heart removed more lactic acid
from the circulating blood than any other tissue and that the lactate serves directly
as an energy source. A n increase in arterial lactate levels caused an increase in
myocardial lactate extraction. Abramson and co-workers pointed out that injected
lactate acts like an easily oxidizable substrate which replaces other foodstuffs in
metaholism.""
Wasserman et a l , in 1959, suggested that the lactate ion of sodium lactate may
contribute to quinidine inhibition by direct participation in cellular metabolism. If
quinidine significantly inhibits the uptake of glucose and fructose for metabolic use
as previously postulated, then lactate may alleviate quinidine intoxication by directly
entering the oxidative mill of the Krebs cycle to improve the function of the
cardiac cell.""
Cox and West, however, demonstrated that the lactate ion, per se, in the absence
of an altered sodium concentration, produced no significant reversal of quinidine
effect.^*
Several possible mechanisms of action of molar sodium lactate have been suggested:
1)

an elevation of blood p H

2)

a decrease of plasma quinidine
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3)

a decrease of serum potassium and increase of serum sodium

4)

a metabolic effect of the lactate, an increase of blood pressure and of cardiac
output due to increased myocardial contractility and to an osmotic expansion of
blood volume with a resultant improvement in renal function and dssue blood flow.

Since the effects of quinidine include impairment of depolarization and of conconduction functions largely dependent upon the rate of sodium influx and since
sodium influx and intracellular sodium are reduced by quinidine, it would be anticipated that an increase of external sodium ion would exert a favorable effect on
depolarization and conduction by increasing the sodium gradient across the cardiac
cell membrane sufficiently to overcome the decrease in permability to this ion induced
by the quinidine. This possibility was suggested on theoretical grounds by Bailey.^
In the presence of continued quinidine depression of active sodium influx, it
would be anticipated that as the internal sodium passively increased, the magnitude
of the sodium gradient would decrease. Consequently, quinidine effect again would
become manifest unless external sodium was further increased. Besides that, Klein
et a l , in 1960, have demonstrated that an elevation of external sodium will improve
potassium efflux from quinidine-depressed rabbit atria. This experiment supports
the concept that the fundamental mechanism of sodium lactate inhibition of quinidine
effect on the monophasic action potential is achieved through elevation of external
sodium.'^ It is anticipated that the in vivo infusion of other sodium salts (chloride,
sulfate, or bicarbonate) would accomplish a similar effect; therefore, the anions of
the salts are not specifically involved in reversal of quinidine effect, since each of the
different sodium salts has been shown capable of this action.
A similar reversal of quinidine effect can be accomphshed by increasing perfusate
osmolarity using sucrose. It is unlikely that hyperosmolarity damaged the cells, since
no impairment of control atria action potentials occurred after even 80 minutes of
exposure to the hyperosmolar solution.
Hyperosmolarity conceivably may inhibit the quinidine effect by alteration of
membrane permeability characteristics or by osmotic dehydration of the cell with
consequent alteration of ionic concentrations and gradients. In support of that, Klein
et a l , in 1960, found that hypertonic sucrose medium increased potassium efflux from
quinidine-treated atria.'^
In vivo, increased extracellular osmolarity may contribute to sodium lactate inhibition of quinidine effect by direct influence on the cardiac cell, or indirectly by
expansion of the extra cellular fluid volume with consequent dilution of quinidine
concentration, but Cox and West, in 1961, demonstrated that hyperosmolarity per
se is not the fundamental mechanism by which the sodium salts inhibit quinidine
effect, since the antagonism is retained by them under iso-osmolar conditions.^*
THAM
Quinidine cardiotoxicity in the experimental animal when manifested by A-V
nodal rhythm, was irreversible utilizing present therapeutic agents until the initiation
of its treatment with 2-amino-2-hydroxymethyl-l-3-propanediol ( T H A M ) .
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T H A M proved efficacious in reversing these electrocardiographic manifestations
of quinidine cardiotoxicity."
T H A M is a potent osmotic diuretic and, in the presence of normal renal function,
results in increased excretion of sodium and chloride. This data would suggest that
T H A M enters the cell where it buffers intracellular hydrogen ion. I f one assumes
that this also occurs in the renal tubules, the diminution of hydrogen ion concentration
in the tubules would result in a decrease of hydrogen-sodium exchange. Potassium is,
therefore, secreted by the tubular cells to replace hydrogen in the hydrogen-sodium
exchange scheme, thus leading to an increase in the urinary excretion of potassium."
The highest mean arterial blood p H is attained 10 minutes after the injection
of a single dose of 30 m l / K g of T H A M . This peak is associated with more than a
50 per cent decrease in mean plasma quinidine levels. The changes in the mean
serum sodium, potassium and calcium following the administration of T H A M are:
sodium from 147 to 142 mEq/L., calcium from 11.4 to 9.0 mg. %, and potassium
from 4.26 mEq/L. to 5.6.'=
EXPERIMENTAL PROCEDURE AND RESULTS

The experiments were conducted on unanesthetized rabbits (mean weight 2,5 Kg)
and dogs (mean weight 10,5 Kg) anesthetized with intravenous sodium pentobarbital.
Solutions were administered by continuous drip through a cannula placed in the
marginal ear vein in the rabbit and the femoral vein in the dog.
The following solutions were employed: 1.0% quinidine sulfate in water; 1.0%
quinidine sulfate in normal saline; 1.12% potassium chloride in water; a mixture of
36 gm. T H A M (298 m E q . / l ; 0.3 molar) which is isoosmolar with blood dissolved
in a liter of water; and 0.3 molar solution of T H A M in normal saline.
Electrocardiograms were recorded from the three standards leads on a Grass
model 5A polygraph.
The administration of quinidine produced prolongation of the PR interval and
QRS complex, depression of the ST segment and changes in the T wave. Criteria
for incipient toxicity was 50% or greater widening of the QRS complex and the
development of arrhythmias.
To test whether the animals might not spontaneously revert from these doses,
six animals were given cardiotoxic doses of quinidine or quinidine plus potassium
chloride continued to demonstrate idioventricular arrhythmias for a minimum of 35
minutes. Quinidine was administered to the dogs at a rate of 20 mg/min and produced
marked cardiotoxicity in doses ranging from 0.2 to 1.2 gm. It was administered to
the rabbits at the rate of 10 mg/min and produced cardiotoxicity in doses of 0.1
to 0.5 gm. Disappearance of sinoatrial rhythm, followed by the development of an
A-V nodal rhythm proved to be an irreversible state of quinidine intoxication.
Rabbits given T H A M alone (250 cc. of the 0.3M solution at a rate of 15 ml/kg)
did not show any significant electrocardiographic change.
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Cardiointoxication was induced in both rabbits and dogs by one of three methods:
1)

a lethal dose of quinidine

2)

a lethal dose of K C l , and

3)

a sub lethal dose of quinidine followed by sufficient K C l to produce marked
cardiotoxic effects.

Primary attention was devoted to this third technique which will be described in detail.
Twelve rabbits and seven dogs were infused with quinidine sulfate until there
was a marked widening of the QRS complex and a development of extrasystoles.
From this point, we continued with potassium chloride which decreased the time and
the amount of quinidine necessary to produce the cardiotoxic effects of quinidine.
After the administration of quinidine, an initial increase in the heart rate associated
with ST depression was observed with prolongation of the QT interval with gradual
slowing of the heart rate. There was an early increase in the amplitude of the T
waves similar to that of hyperkalemia. Subsequently the QRS complexes were progressively widened from 0.07 to 0.14 sec. above the control. The P waves increased
in width and changed their form and the PR interval gradually increased from a
control ranging between 0.09 and 0.13 sec. to 0.22 sec. The S waves gradually
became deeper. This was followed by periods of sino-auricular arrest accompanied
by nodal escape beats which led to an A-V nodal rhythm. Auriculoventricular dissociation occurred with a lower nodal or a slow high idioventricular rhythm terminating
in ventricular standstill or fibrillation.
Fifteen animals survived and five died; the speed of conversion of quinidine
cardiotoxicity was within five minutes after the intravenous infusion of T H A M plus
sodium chloride. There was a rapid aboMtion of ventricular tachycardia or idioventricular rhythm, return to normal sinus rhythm, narrowing of the QRS complexes
from 0.10 to 0.14 to 0.07 sec. Gradually the ST segment depression became less
marked, reversal of the T waves inversion, and the deep S waves disappeared. The
PR interval slowly returned to the control duration and the P waves were restored
to normal amplitude and duration.
Of the five animals that died, ventricular standstill was the terminal mechanism
in one and ventricular fibrillation in four. In these animals respiratory paralysis
occurred prior to cardiac arrest and was accompanied by generalized clonic convulsions.
In one dog the infusion of T H A M plus sodium chloride resulted in a transient
return to normal sinus rhythm with narrowing of the QRS complexes followed by
marked sinus or nodal bradycardia terminating in ventricular stanstill. We believed
that this death was due to the reappearance of full quinidine effect since the external
sodium was not further increased. In all our experiments the administration of T H A M
resulted in a marked increase in the output of urine.
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Figure 1
Dog No. 2

December 7, 1962

Speed: 15'

Sensitivity: 200 V / C M

A)

Control

Rate: 160

B)

After 20 mg/Kg Quinidine

C)

Quinidine Stopped

D)

Stopped K C L

E)

5' After D constant

Male

10 Kg.

12:15 p.m.
Rate: 126

K C L Started

Rate: 96

Started T H A M -|- NaCL
T H A M drip

12:20 p.m.
12:30 p.m.

12:35 p.m.

Rate: 84

I
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I
B
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Figure 2
Dog No. 5

December 18, 1962

Speed: 15'

Sensitivity: 300 V / C M
Rate: 116

Female

A)

Control

B)

After 20 mg/Kg Quinidine

C)

Quinidine Stopped

D)

Stopped K C L

E)

5' After D Constant T H A M drip

10 Kg.

1:40 p.m.
Rate: 72

K C L Started

1:50 p.m.

Rate: 107

Started T H A M + NaCL

1:55 p.m.

2:00 p.m.

Rate: 94
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Figure 3
Dog No. 7

December 20, 1962

Speed: 15'

Sensitivity: 300 V / C M

A)

Control

Rate: 180

B)

After 20 mg/Kg Quinidine

C)

Quinidine Stopped

D)

Stopped K C L

E)

3' After D

Male

13 Kg.

1:40 p.m.
Rate: 100'

K C L Started

Rate: 150'

Started T H A M + NaCL
Constant T H A M drip

I

A
1

I
1
B

345

1:45 p.m.
2:02 p.m.

2:03 p.m.

Rate: 96

BERMUDEZ

HM

I
1
11

I
K

346

n

EXPERIMENTAL Q U I N I D I N E INTOXICATION
Figure 4
Rabbit No. 12
Speed: 15'

January 29, 1963
Sensitivity: 200

A)

Control

Rate: 150'

B)

After 10 mg/Kg Quinidine

C)

Quinidine Stopped

D)

KCL Stopped

E)

10' After D

Male

3 Kg.

V/CM
1:35 p.m.
1:37 p.m.

K C L Started

Rate: 280'

Started T H A M + NaCL
Constant T H A M drip

1:48 p.m.

1:49 p.m.

Rates: 210'
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DISCUSSION

The mortality due to the effects of quinidine in the management of cardiac
arrhythmias cannot be considered negligible and may amount to as much as 10.9%
ot patients receiving the drug.™
It has been the purpose of this research to investigate the use of T H A M as the
possible drug of choice in the treatment of quinidine intoxication, especially in those
cases where hyperkalemia is a contributing factor such as in instances of diminished
renal function.
Prior to the introduction of sodium lactate in 1956, as a quinidine antagonist
the physician was helpless when faced with a patient manifesting severe cardiotoxic
reaction to the drug. It was shown that molar sodium lactate had the ability to
reverse the electrocardiographic changes of moderate quinidine intoxication in 4 to
20 minutes. However, in laboratory experiments, sodium lactate did not appear to
alter the ultimate fate of severely poisoned animals.
Another disadvantage in the use of sodium lactate is the danger of imposing a
large sodium load on a patient poorly equipped to handle it. Most patients who
develop quinidine intoxication have a serious underlying disease, and the physician
must guard against the possibility of these padents developing pulmonary edema as
a result of excessive sodium administration.
In our opinion, the parenteral administration of 2-amino-2 hydroxymethyl-1, 3propanediol ( T H A M ) is the antidote of choice in cases of serious quinidine cardiotoxicity. We believe that an organic hydrogen ion acceptor will more rapidly change
the intracellular pH than slowly equilibrating sodium buffers. T H A M can be employed
for this purpose without introducing adverse side-effects. T H A M , in contrast to
the sodium salts, exerts a marked diuretic activity which acts to speed the elimination
of both quinidine and potassium from the body.
Finally, we recommend the following procedure in the management of quinidine
cardiotoxicity:
In the patients who are clinically asymptomatic and who simply develop widening
of the QRS complexes to 25% more than normal, discontinuance of the drug and
judicious clinical observations are all that is necessary.
On the other hand, the symptomatic patients should be hospitalized. Hospitalization
provides the opportunity for continuous observation of these patients, who generally
suffer from a severe coexistent myocardial disease, extreme cardiomegalia, and congestion. Active treatment should be limited to those who develop hypotension and
electrocardiographic evidence of quinidine intoxication.
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If the patient shows progressive deterioration in the conduction mechanism or
increasing ventricular tachycardia a 0.3 molar solution of T H A M in normal saline ^
should be administered by continuous intravenous infusion at a rate of 10 cc. per
minute until the electrocardiogram shows improvement. This dosage is approximately
twice that recommended by Kaplan. Clark showed that the effective buffering level
of T H A M was about 2 mEq. Using this figure, Kaplan suggests that a 0.3 Molar
solution of T H A M should be given at a rate of 5 ml. per kg. body weight per hour."
If the patient survives for 24 hours after acute poisoning, the prognosis for recovery
is quite favorable, because quinidine is quickly destroyed and eliminated from the body.
A side effect of T H A M which might appear to limit its usefulness is its property
of depressing ventilation when infused in large doses. This respiratory depression is
probably due to a pH effect on the respiratory center and may result in a fall of the
arterial oxygen tension," however, this respiratory depressant action of T H A M is not
anticipated without our suggested dosage range.
Large doses of T H A M may exert a profound hypoglycemic effect. It has been
shown that the hypoglycemia is due to the dissociation of protein-bound insuhn."
This suggests that due caution be observed in the diabetic or acidotic patient.
Since a solution of T H A M is quite alkaline, care should be exercised in its administration to avoid extravasation into the tissues.
CONCLUSIONS

1)

Our results lend confirmation to the postulate of Holland, that the principal cause
of quinidine cardiotoxicity is dependent upon increased potassium retention by
the myocardium.'^

2)

This quinidine cardiotoxicity may be antagonized by altering the sodium gradient
between the blood and the heart muscle.

3)

The administration of T H A M plus sodium chloride proved efficacious in reversing
the electrocardiographic manifestations of severe quinidine cardiotoxicity.

4)

The therapeutic action of T H A M may depend on a lowering of the quinidine
plasma level and by a reversion of the acidotic state produced by quinidine.

5)

These preliminary observations suggest that the parenteral administration of a
0.3 molar solution T H A M in normal saline may be an effective procedure for
the treatment of quinidine intoxication. In our opinion, this procedure may prove
to be more satisfactory than the administration of sodium lactate in the management of adverse cardiac reactions to quinidine.
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